Introduction
The importance of the odd hydrogen species HOx (=OH+HO2) in the photochemistry of the lower atmosphere, driven by the photolysis of ozone (Oa) and formaldehyde (HCHO) was identified by Levy [1971] . Crutzen [1974] In this tropospheric chemistry modeling study, a global three-dimensional Lagrangian chemistry transport model has been used to describe the main features of the tropospheric odd hydrogen budget. We separate the rapid interconversion processes between OH, HO2, and organic radicals from the main HOx source and sink processes in the analysis of the tropospheric odd hydrogen budget. On this basis then, the main odd hydrogen source terms identified in our study are photolysis of ozone in the ultra-violet in the presence of water (1) and photolysis of carbonyls (2) 03+hv+H20 --• 2OH+O2,
RCHO + hv --4 R'O2 + R"Oa.
The ozone photolysis source dominates everywhere except in the upper troposphere where it is too dry. The most important sinks of HOx are HOx+HO• recombination (3) and reaction with NO2 (4). [Carter and Atkinson, 1996] . In this study, we have attempted to represent two of the main facets of the complex influence of isoprene on the tropospheric odd hydrogen budget. The first facet is the rapid conversion of isoprene into C4 and C3 multifunctional unsaturated and dicarbonyl compounds, and the second is the formation of organic hydroperoxides.
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The
Model Description
The model used in this work is the U.K. 
Meteorological Fields
The meteorological fields used are now instantaneous values, available every 6 hours from a general circulation model (GCM). The data used in this paper are from the Hadley Centre's chmate version of the Meteorological Office's Unified Model [Johns et al., 1997] . These data are at a resolution of 3.750 longitude x 2.50 latitude on 19 unevenly spaced levels between the surface and 4.6 hPa. Note that this grid apphes only to fields imported from the GCM. All other input and output data use the grid described in the preceding section.
Advection Scheme
Parcels are now advected using a Runge-Kutta fourth order method with a time step of 3 hours. Linear interpolation from the wind grid to the parcel position is used in the horizontal and in time, and a cubic interpolation is used in the vertical direction.
There is now no variance term in the wind fields, so random displacements are added to the parcel each time step based on globally constant diffusivities. The horizontal diffusivity Ks is chosen to be 1300 m 2 s -• (5300 m 2 s -• in the boundary layer) and the vertical diffusivity K• is chosen to be 7 x 10-•s -• (equivalent to 7 x 10-5-1 x 10 -3 m 2 s-•).
Chemistry
The main additions to the chemistry since the Collins et al. [1997] paper have been propane and acetone chemistry, organic hydroperoxide formation, DMS ox- 
Convection Scheme
The model convection scheme is unchanged from the previous model version. It uses convective diagnostics from the driving General Circulation Model. These are the heights of the cloud bases and tops, cloud cover, and precipitation rate. These parameters are used to derive probabilities for a Lagrangian parcel to be involved in convective transport. Within each grid square, each parcel below the cloud top is randomly designated (according to the above probability) as convected or not. 
Wet Deposition
Soluble species are removed by wet deposition depending on the dynamic and convective precipitation rates, using altitude dependent coefficients from Penner et al. [1994] . The species deposited are HNO3, N205, SO2, HCHO, H202, and the organic hydroperoxides (ROOH). The higher organic hydroperoxides are given the same coefficients as methyl hydroperoxide (cIOOI).
Convective precipitation is a subgrid scale process, removing material efficiently over a narrow column. Our removal rate is modified by the algorithm of Walton et al. [1988] to take account of fractional precipitation area, using a fraction of 0.3. At present, we wet deposit soluble species from every parcel equally within the square covered by the precipitation data (3.75øx2.5 ø) regardless of whether that parcel is subject to convective mixing. This means that the convective wet deposition is not completely coupled to the convective transport scheme.
Model Results
The model was run for a year, preceded by a 4 month spin-up. 
Discussion
The effect of conveering acetone in our model seem to be less important on the upper tropospheric HO• concentrations than convecting the other species considered here. This is because, even with emissions of 70 Tg yr -1, the source strength for acetone is much less than for the others. This is compounded by the fact that acetone has a long hfetime (about a month) and is therefore moderately well mixed throughout the troposphere and less influenced by convection.
Formaldehyde has a very large source strength, equiv- In Table 4 , with no convection, the photolysis rate of hydrogen peroxide (9.2x 10amols s -1) is slightly less than its production rate (11.lx10amols s-1). This implies that its large scale advective influx nearly offsets the other destruction processes (mainly wet deposition). Columns with convected species are differences with respect to the column for no convected species. Units are kmol s -•.
• Includes the larger oxidation products from isoprene. 
Conclusions
Convective transport increases H0x by over 50% in the 300-200 hPa region. This can be largely accounted for by the convection of the five precursors considered in section 3.2. Convection of isoprene and its degradation products is the most important direct HOx source, through methyl glyoxal and formaldehyde photolysis. Although hydrogen peroxide and methyl hydroperoxide are not direct HOx sources, they act as HOx temporary reservoirs enabling HOz to be conveered from its lower troposphere source region to the upper troposphere. Formaldehyde and acetone convection have a significant effect on upper tropospheric HOx concentrations, but much less than the other species considered.
The major uncertainties in this work are the model convection scheme, the lack of coupling of convective wet deposition to convective transport, and the isoprene oxidation scheme. While changes to any of these will change the detailed numbers, we think it unlikely that they would change the qualitative conclusions. The exception might be a change in the relative importance of hydrogen peroxide and isoprene. We are aware that we rely heavily on our model for our conclusions and hope that soon upper tropospheric measurements of relevant species, particularly the isoprene oxidation products, will be able to confirm or refute these conclusions.
Either way we have shown that convection has a profound effect on upper tropospheric HOx and is an area worthy of further study.
